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SUMMARY PAGE? 
THE PROBLEM 


A tochnlque for onorcles to counterec? the effest of zero gravity on skoloic! muscles 
In uncottrelned monkoys during oxtendod exbltal spcooflight was explored. A rhosts mon» 
hey wos ralnforeed with beth feed and fecdeacslcied ctlmull for meting @ high-ofort 
rarpenze continusualy for 9 to 4houm. Varlous menlpulattons of the frequency of fosd 
rolafercanvant and stance Indiceting the avallabllity of food were utcd to evalusts theo 
offoet of cach on ths oxercles response end essocleted behavior. 


FINDINGS 


The tochniqua catisfectertly malnialned exerelca for up to Shourm. A W=gorecn? 
reduetion In the density of food reinforcement reduced exoreles reapers rates by tess 
than 25 porcent. Removal of a signal thet Indleated the nonavellabllity of food had no 
stgnificant permanent effects bu? did lead to a sme!| increment tn the exorcise respesico 
rato. Precanting signals similer Co the one thet Indiccted feed evalledll ity merely esne 
furad tha calmal end drastleally lowered tho emerche response rato. 
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(STROBUCTION 


ta fio Orbiting Priincts Execetment (3) unrestrained rehome: monkeys aro to ba clecod 
Into Berth ecole Cor an entonded ported of tine, The mantay: will be roquired fo gorfarn 
vertoue Oesles fer thaly daily allstment ef food end water, ono of which will bo a high~ 
Gfiert oxereke sovitno. Tho pumpooe ef tho present study wes to oxplore ens of many exe 
Abe sesrnlauos the? migh? preva feealble for malmtatning the phystecl health of a 
horus monkey. 


Sinso no pracodsn? cuboid fer escartalaing en epprogriaie emount of oxorclsa for o 
monkey, estimates bared on human reguleltss were moda. One ef many human exorcise 
progres proven ecesusto te maintain physleal fltness wes developed by the U.S. Alr 
Ferea end 's decertbed by Geegor (1). He hes racemuonded exercleos thet produes maxl- 
mum gerobls werk cansstty. Although these exerclecs seem Inappropriate fer a wolght= 
isos condltlon beeeuss of tnole rallance on muscle exertion against gravity, certain es- 
pects cllow a prediction of exorckes thot might be tromferable to welghtiessness. Ono 
aspect ts the? the exercise generally tekes pleos for a continuous perled of time, 15 min= 
vtes or longer, and the entire kedy te undergoing movement. Besed on this characteristic, 
tho precent shudy was declanad In on attempt fe preduce @ response In the rhesus monksy 
that would lavolve moveszrent of most of Itt skeletal muscles and continuo fer leng parleds 
of time. t addition, tho tar: was fo bs transferable to a zrero-gravity cenditten whore 
the came principles should asaly . 


Tho entra! was trained to extend Its erms te a rocsenabla helght chove Its hasd cad 
than te bend down end reach Ws ems to @ position near Its feat. The methedstegy Ine 
volved an cheerving response (4); that fs, cach time the enlmal porformed correctly, tho 
responses would produce olther signal that foed could be obtained by preaing o feo 
button, er o signe! that feed could not be chtefned. During the appropriate signc!, « 
respons? on tho feed button produced feed.* The observing response becems tito cxcvalse 
reopones since It levelved so much effort. To tneure continuous responding, the signa! 
that Indicated feed was evallable followed a variable numbor of exercise responses. Cy 
decroasing the frequency of signals, removing the nenfocd signal, end rearranging t!.9 
food signal, on enalysis of tha exorclee behavior wen accomplished . 


PROCEDURE 


SUBJECT 

221, © feacle Masase eulcite, wes the subjec?. Sho hed bsen used provisualy In 
cn Investigation thet vequired similar respemes on fixed ratto (FR) echadulos of fesd ro- 
inforsencn?. She wes maintained et 81 to 91 peresat of her od llbltura body wolga? 
during tha grecont expoeiment. 


"Tho obsorving reagance In the erozent study Ie cotvally @ cheln of responses. ante 
mal hes to make the restonsa er food ts never evalleble. This peradigan differs from that 
of Viychoff (4) whoreta food becomes evallable Independently of an observing rereonco. 


ACCARATUS AND MIVROS 


Tha onparimente! chamber wes <3 lachos high by $2 laches ¢ & te 
hed @ motal ertd floor, cad wes sound aticnucted, ee fice 
koleted. Specker provided whits making nolee end fens provided alr clraulation.. A 
ralle, tunod fo @ local muta stetton, wea on continuststy e¢ a high volume tn tho roan 
contalning the chamber. Roconting and ecatvol equipmont were lecated In @ ream cero 
froin tha expartnente! room. Entry to the chamber wes galned by @ cliding dsor tn the 
front plexigles well, The roer wall contetned four trenclucent plentglas buttons, two cf 
whleh wero ecaterod 3 tachee from the calling end 6 Inches epert. Tha ether two button: 
wore esmiord on the lewar pertton cf the wall 3 Inches from the grid fluor end 6 Inshos 
coat. Thao butions ero refered to es “keys” becouse of tholy statlartty to tolsgraph 
keys. Tho keys tecnaiilunlasted from the reer by sloer luntneseent lights. Food 
end water hoppsn were located above thelr recpective butters en the elght-hand elds of 
iho meer wall, Figuro 1 Mlustretes 2Z1 progeriag to the tap Nluntnecd keye. Tho 
food happor exd button ere eeen near the ealmal in the lower right-hand poritlen. The 
water hegger ond itt buiten ere nent te the feed hopper. The houselight eve ceen on 
each aide af the tep. Thess were Miuminated when en oxperimentel scaston kogen end 
extinguished when a semton ended. The anime! was cLisrved through @ TV camera lo- 
ested tn the colling of the chamber. General activity wos recerced when the enima! Ine 
terrupted a beam of light projected corces the middle ef the chamber. 


221 required ne training on thw specific response bocauce cf her previous histery en 
thoeo mantgulc:da. Sho wes retsforesd fer each respence @? the stert ef the (fret samfon. 
Rataforeement wes @ 0.é0<g7rem pellet of Purine Monkey Chew. Tho exerotee raeponce 
eonslatad af the staultense:s depression of the lighted pair of keys olthar ct the tos 
bottem ef the chamber, followed by the almultenceus depreaten of the oppasite polr of 
lighted keys, Oepresstcn of @ pair of koys extinguished the Nehts en tha? pair anc! Hive 
mincted the other pelr of keys. This eltemeting response produced elther a S0-He olfc!:- 
er or @ 0. 6-s200nd presentation of « 6-Hz alicker. The S0-MHz ellcker rematned cn unt!! 
tho feed bitten wes presed) hence, It constituted @ disoriminattve stimulus fer fecd en:! 
ts called S$“. The éd-Hz clicker ecessloned no food; hence, it was @ signe! of the none 
avattedtlity of food end ts called S4, Food button reeponees In the absence of $¥ hed no 


OSnesqrenoes . 


Ouring tho Initia! sseston the relnforeemant schedule was changed to require moro 
enorales roegeress to preduce $ ond hence food availability. By the end of the fin? 
senton, the ratte of respurces to an SY was Increased to 10 te 1. However, thie ratio 
verted randemly ebout a meen ratic of 10 to | end ls thorsfore called ¢ rendem retle 10 
(RR 10) le. Theat le, on the average, every 10 exersies responses resulted In tho 
presence of $ , end therefore feod, If @ foad bution retpsnes wore mato. Exorcice ree 
sponses no? followed by S? were followed by $4; 9, on the averags, 9 eut of 10 tras 
S4 eccurred follewlng en exercise roagones. Thus, the ouditery stimulus following each 
exerdiss response ellowed the ante! fo tell whether er net food we avelleble end saved 
the anime! the extra office? cf pressing the food button when feed wes ne? evelledle. 


tee Oye Spiel a} 


221 cout (> precs the tep recpense hoys 
A emell light ean be seen behind exch of the two koys 
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Sossters Seer ted en acy guemm gas nM EB, i ites a 
long end ear Sepa niaas coctbte.” ‘ss ues ye ear pe ar va et 
lvaly, booeme polydipte, end tho cxerolse cae ie en 

: andl (ty Sus Feszenes Was act melntelned very woll, 
Tharefore, welar wes scaeved exd ccasten length wes reduced ta Shoun. The fic! 179 
of 288 casstom were Schau comtens. 


The following moseuras wor cbtatned thecughsut the exporiaent: exergls regen 
rota, post pelnfarcamcat peves, ketoney te prow the feed buttsn following $4, extra roe 
sponses on the feed button, rolafarcemant density, and general eatlvity es mecswed by 
Kio photecell. Tho cxerais rsesence rete wea celeuleted from toe end bottom reszonic: 
divided by the thee okmoad fram tho fleet exorelse reepense follewing « fcod button pros 
to the nest ecounenes of SE, 


After kehavter shabiitesd en tho RR 10 eehodule @ BR 20 schedule wes Instltuted to 
eco the effests of reduatns tho Froquroney ef feod ralnfersemont. Cthor meninuletion tne 
cluded the eubstltutton of © belef $Y ta plese of $4 te lnvestigete the effets an the ex- 


RESULTS AND DISCUSSION 


Tha exorclea r@cyarno typleally cerststec! of @ top key pres followed by o bottes 

key press fellowed by ebelo? puss. The rates were reletivoly lew in temze o? ressend!s: 
eno etmpia mcatgulendun, but, conideriag the offert nesssltated by the $S-ine 

tenes betwen the pols of keys, ther sates might be esmeldered te be quite high. Pige 
une 2 Ubustrates typicst eumuletive esearch on the RR 10 ard RR 20 oshadules from Schou 
sectens. The rendem retio schodvic adequately malnteined the exerelse cessense threv:! 
out the session, eepentelly on the RR 10 schedule es evidensad by the eansistantly high 
cates. Tha rates wero relatively sfebdle but teaded te decrsace during the tewalnal how, 
portieulerly on the schedule with fewer reinforcements. Exoretee responce rates Ester 
mined tho density of ralnfcrsement but were net entirely desendent en relsfisresmont 
conelty. When relforeament density was decreqied by pleating the RR 20 sehoduls fn cf- 
fost, repens rata daccoment did ret epesor fer seven to elgh? sssolens. When relniocso> 
ment density wes agein nerecsod, reponse rate Inorerent lagged by chout esvon cenicss. 


The censtiy of reinforcement cise effected the pes? reinforcement payee. Tho pcs? 
rolnforeament paxee wen benger undor the RR 10 schedule than under the RR 20 sehaduto. 
Kowever, relforceman’ latency, the letency to muke @ feed butten resgere follew!ng 
£0, wos net effected by tha echedy!s change. This letsney mecsure was very oteblo In 
cat conditters end did net even socom to be offected by tho session length. Relafssce- 
mont latencies tended to everase cout 1.0 saeond throughout @ sessisn with ne eonsish> 
ent withln-seeston fronds. 


Figura 2 cleo Hhetrates the? «3 a dally session ended, the frequancy of pousing bo- 
Kvaen exorcles response run increcesd. However, the rates of the runs between pauses 
were not groetly effeetcd. This brock-anderun pattem wes more evident undar the RR 20 
echedule, 
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A summery of tho expcitecntal mantpulctlena end thaly effsets on the exzrelcs roe 
feoReo rere fe peeconicd in Feblo 1. The SIS rate chown te he. ial lene of Vis les 
Meso ecactona undar cach ef tho cehcdules. Tho schedules c70 prasonted In chronological 
crver. Teble t shown tic? during tho 4=hour coestens, rosgenso retes wore ot relatively 
low levele . Thte dasremen? was dua te the dwwalogmant of polydigata tn the anima! . ‘La~ 
cane of tnis Covolepmeat, If was Inpontble to adequately ctor the effects of elthor the 
echedule change ot the omlzston of SS. After 79 sessions, tho water wes remaved, tho 
esciten length wes doarcesed to 3 hours, ond the procedure wes relnetituted. in the eal- 
wan dastgnatod by $4, IN Indtoatog thet S4 wos present follew!ng epzroprists grorslso 
roogonses end OUT Indlezies that $“ wes ebsont duging these sessions. BRIEF $9 donates 
thoes eaestens whon o O.d-coosnd presentation of SO wea givsn In place of $4. During 
the Sehour seeslens undo the RR 10 schedule the reepenss rates gredvally Inereased, Ino~ 
postive ef tho pce naa of $4 during 68 nepere raged the RR 29 schedule, with fewer 

ORI ame mtes dseressed elthough were higher In the ebcance of 
SA, Whea the beiat SP wees glen, the reves drepped to a vary low level end even efter 
nine scrstons with $4 reclaced, hed not recovered thelr previous levels. However, Ine 
ereentng tho donslty ef rolnforcement by reincittuting the RR 10 schedule led to a resovary 
of reagente vales over tho eat eleven sesetons. Later, the rato reeshed end surpassed {ta 
grovieus high fallowlng tho lew removel of $4, Teble | Illustrates the? the exoreloo ro- 
enone tates were higher under the RR 10 schedule then. under the RR 20 le end ths? 
thoy tendo to be hishes? ln tho ebcones of SA end leweet when @ brief S° was used tn 
gate of $4, 


Tha tntete! effec? of SO romave! on rasponse rete fa sen In Figure 3. Tho flr $4 
on the ebesiees of @ frams daslgnates the excstsr preceeding the ehenge, ond the thind $4 
deslenstec the tnttial eesalgn whon S& wae rectesed. No $4 dsnotes the fre? ssso!sn 

i «cg romevedd. $4 wes removed end reploeed three times, twlee under tho RR 10 
schedule crd ence under tho RR 20 cshedule. The elreles rogrocent the Mint eseeston, tho 
tlonglss ragrecent the sseend ecceaton, end the equeres represent the third oceasion, $4 
was not repleced tte third time under RR 10 becawe the experimen? was temingted. Une 
dor RR 20, $4 wes removed first ductng the 4-hour sestons and le shown merely to damcne 
chrate tha? the effect tock plese even when behavior was distusted by polydigsta. Figuio 
3 chows that whonever $4 wes removed, the Inittel effect wes a decrement In exerclss 
rato; but In tho following scsstens the rete recovered of surpassed Its previous level. Tho 
tecmtoel in cach of those conditions, shown In Teble |, confirm that the Initta! ef- 
feats of remavel wor temporary becouse, In the ebeoneo of SA, the teminal rates 
wore eensistently highs: than these preceding In the presence of S&, This was true ex 
espt during tho 4heur ssastons. ¥ S4 reinforced an exercics response, the rate in the 
ebsenco of $4 would have rometned of the lower levels. 


Changes In length of the pest rolafercement paves cleo refleated the frenstont effects 
of SO ramcval. The pss? selnforcement pevee Increased during the first easton with S& 
eheont, bu? by the next eselon the pave hed recovered Its previous value. The difference 
wea emall ond no lerger then the average esaslon-to-esalon changes. $4 hed reinfore- 
lng quelltios, the poet roleforesment peuze would heve tended to remain at Its inereasce 
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feagtn e3 indlsated by cantor lavestiguilens (2). Hance, tn the prossn? study, naliher 
oe or itp oo cy BF. anh oy her Fe een me 

Wie name owh) No? Kid C58 solnfcrcemoat couse providsd Indleatlons that $4 wes @ 

candWlened solnfarcor. 


Tra of 33¢ of SA copcared fo bo Mmilted to Ite dlearkalnative presortles. Obzsrvar 
tisn cf 221 threugh tho talavicicn moniter roveeled that eho would most often proas tho 
tp keys, then the boom keys, cad thon pouts followtng S4 stimulus. lt wes os though 
5 ’ Soeeod"” tre exanstes rcenenzo. This topegraphy wes chserved on numareus eccoslens. 
Figura 4 damonsiraica 2213's paced responding by en enalysts of the thne elapsed batwoen 
cach recsemo. This meas ts called the Intorraspencs tlme Intervel (IRT) and reflects 
the varlous rstes of rsesonding within o specific perlod. The IRT distributions shawn In 
Figura 4 ware obtalned from a eseston whan the $4 wes absent during the fint hour end 
present during the sceond hour. Thore wore no (RT's of less then 0.5 second; to, the fri 
Interval In eosh frame fs cmpty, ond the lest Interval repressnits all IRT's in thet Interval 
67 groatcr. The curves reflect the paced responding. Ressonses following a peuse tondod 
to tela place In the 2 to Sseeond range. The essential difference In tho two distribulle”.. 
i thet In tho ghoance of $4, tharo were moro IRT's In the I=seoond or less remgo. ff S4 
ware @ discriminetive stimulus for 6 peves, then more [RT's would occur In the lengor Irie 
tervals end fowor In tho short Intervals, ee seen In Figure 4. Yet, evan In the edeenca of 
4 ths bimedal curve wan ebtalned. By this thne In the exporlmant 120 rasslons hed pass~ 
ed, end the animal probably had devaloped @ response topography thet wos Impossible to 
elkminats complctely. Novertheloss, this Investigator feels thet $4 was responsible for 
establiching tha paced ener: This Interpretation does not help to explain on Initicl 
dscremaent In rate whon $4 wes removed. However, It dees Indleste that these bricf 
pauses should eventually clsapsser In the ebsonce of S4 end that rates should Inereacs «2 
they cecaslenelly did In the precan? experlment. 


tn meny respects, the effests of replacing the SA with the same, only briefer, stim- 
ulus os $4, wore more definitive. As sen in Teble |, under these conditions the ratca 
doereased frem thelr grovious values. In fect, during the Initial three or four secslon: 
with the brie? $2, exeroke responding clmost was extinguished. The response dsereccni 
was produced becawe of the decrease In reinforcements. Reinforcements wore not chiang 
ed becen20 221 reepanded to the Inittel brief SO presentations by pushing the food butisn. 

etzoress In the presence of the brief SY were nod relnforesd and rapidly 

2 the longer exd actual $0 oecurred, feed button responees ware not 
reintorasment was no? obtained and the exercise rete decreansd. Thh 


Led no effact. Obviowly, during this menipuletion, then, the entmal discriminated the 
length of the stimulus end ist Its Frequoney. The brief SD then had no prominent ralin- 
forcing cherestorlatlos anc’, In fect, aetsd os punisher of 2Z21's behavior. This finding 
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Semple distributions of intewreapenre time intervels (RT's) in one scucion under the BR 10 schorzete 
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Oftior bshovicral mecnurca colcated few eonelstont effects. 2Z1's gencral ceflvity 
fended to bs groatir whoa rescence nates wore higher. Also, thare we a tendency for 
cxirg mopancileg en tho food buttsa when exerelee ratcs wore ot a low rate. Extra fecd 
button rocpensss ecaatciently tock place when the briof $° wes given In place of $4, 


CONCLUSIONS 


The exosetea recgoreo @3 developed In the presen? study proved edsquate to malataln 
lang poriads of callotiicnle-type bohavier. Tha feclel! validity of the technique It evi- 
dent. Yno cosentlal eszects of tho techniqua were the use of an observing responce pro~ 
ecdure ond the random ratle schedule. Although the peesance of $4 seemed essontlal for 
tho inittel training of tho excoralee task, the study demonstrated that such o stimulus wos 
not neconary fer the meintencnes of the exercise tek and probably had the effect of ro- 
terding mantinen revgoneea rates. On the other hand, the random ratte schedule proventcd 
evbetantial pawes followlng @ fosd reinforcement and Inhibited other paves. Continus.e 
behavier, e ebtelned tn tho present experiment, could not heve occurred without tho uso 
of @ schodulo similar to the rendem ratio. 


At least In tho prasent experiment, Inserting the brief SO stimulus demonstrated rath- 
er conclusivoly tha? eny condittening reinforcing veluo of @ stimulus Is outwolghed by Its 
diertminativa properties. This probs provided support for the essumetion thet the $4 was 
ales of Itmited rainfersing value. 


Tha diffaranes tn exorcles porfommance os e function of the frequency of retnforco- 
wont was in the expected direction and provided en Indication ef how much ratnforcoe 
mon? would be needed to prodyveo @ given tessomee output on similer tasks If used for 
future comes projects. 


During the entire 238 esesions 221 wes in adequate heelth. The task ttealf cortutaly 
had no doleterious effects. Taske stutlor to the presont ene should prove amencdlo to 
moro direst physlologice! cesesemont of exercise. Tolemetry devices could be atteshsd fo 
tha aniial to tranemlt hoort bse? end other relevent date. Currently cur Icboratery 
evelvating physlolegice! mocsurements using similar techniques. 
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A TECHNIQUE FOR PROOUCING CALISTHENIC BEHAVIOR IN A RHESUS MONKEY 
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A rhesus menkoy was trained to perform a cal isthentc task fo obtain food end signals 
contigueus with feod. The task was designed to prodvce continuow high effort behavior 
frem the animal for long durations. The frequency of food reinforcements end related 
signals was varied te measure concem|tan? effects on exercise. 


Exercise wes satisfectorily malntalned for up to 3 hours. A reduction In the frequency 
of foed reinforosment by 50 percan? reduced exercise responding by les than 25 percent. 
Remove! of stgnals associated with the cbeence of food hed no significant effects end proi- 
entation of signals similar to the food-cssocleted signal lowered the exercise response rate. 
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